Studies on the cellular and molecular mechanism of neurotransmitter receptor-signaling and of neuronal and glial cell responses to stresses seem to be important to elucidate the action mechanism of centrally-acting drugs and to develop novel therapeutics against several diseases in the brain. The present review shows ourˆndings with regard to the membrane receptor-signaling mechanism including serotonin, noradrenaline, glutamate receptors, ion channels, G proteins, protein kinases and drug actions in Xenopus oocytes injected with rat brain mRNA, NG108 15 cells and brain membranes. Regarding the results of studies on the inter-and intra-cellular mechanism of neurons and glial cells against cerebral ischemia/hypoxia, we review the involvement of a transcription factor NF kB in LPS elicited inducible NO synthase (iNOS) expression in rat astroglial cells. Then we describe possible involvement of: 1) ADP ribosylation/ nitrosylation of glyceraldehyde 3 phosphate dehydrogenase (GAPDH) and 2) decrease in mitochondrial membrane potential, release of caspase 3 from mitochondria and degradation of the inhibitor of caspase-activated DNase by activated caspase in NO-induced neuronal apoptosis. We observed that hypoxia results in expression of a molecular chaperon such as protein disulˆde isomerase (PDI) and HSP70 in astroglial cells. Our recentˆndings indicate that overexpression of PDI in the rat hippocampus (in vivo) and in neuroblastoma SK N MC cells (in vitro) signiˆcantly suppress the hypoxia-induced neuronal death. From physiological/pathophysiological and pharmacological aspects, we review the importance of studies on the cellular and molecular mechanism of membrane receptor-signaling and of stress-responses in the brain to identify functional roles of neuro-glial-as well as neuro-neuronal interaction in the brain.
5 HT activates 5 HT1c receptors (5 HT1cR), Gi//Go and phospholipase C (PLC). Inositol 1,4,5 trisphosphate (IP 3 ) releases Ca 2＋ from endoplasmic reticulum, and then Ca 2＋ ・calmodulin (CaM) complexes activate CaM kinase II (CaM KII) which opens Cl -channels. On the other hand, diacylglycerol (DG) and Ca 2＋ activates protein kinase C (PKC) and inhibits Gi/Go. Thus the inhibition of Gi/Go underlies negative feedback inhibition in the 5 HTinduced Cl -current. Fig. 3 . 5 HT Induced cGMP Formation in NG108 15 Cells 5 HT causes cGMP formation by two signaling systems: 1) after activation of 5 HT3 receptor/cation channels increases in‰ux of Ca 2＋ , Ca 2＋ ・ CaM activates NO synthase, followed by activation of guanylate cyclase by NO, 2) activation of novel 5 HT receptors subtype causes NO release from storage pool and NO activates guanylate cyclase.
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脳グリア細胞の誘導型 NO 合成酵素（inducible NO Cerebral stresses (ischemia and cytokines etc.) cause iNOS, chemokines and molecular chaperons which aŠect neuronal survival/death, brain edema and in‰ammation. LPS induces iNOS via activation of herbimycin A sensitive protein kinase (s), IkBa kinase, degradation of IkBa and intra-nuclear translocation of p50/p65. The idea that LPS induces iNOS by activating NF kB is supported by a result that LPS did not induce iNOS in C6 glioma cells transfected with dominant negative (dN) IkBa (Ser 32/36→Ala 32/36). IFNg activates Jak2 kinase and phosphorylates Stat 1a, whose dimers then translocate into the nucleus. In contrast, hypoxia expresses molecular chaperons which protect glial cell death by perhaps refolding of denaturated proteins. HSP70 is formed via p38 MAP kinase and protein disulˆde isomerase (PDI) is induced via a transcription factor Ire 1.
Fig. 8. The EŠects of IkBa Mutants Expressed by IPTG
(isopropyl 1 thio b D galactopyranoside) on iNOS Induction Stimulated by LPS/IFN g or IL 1b/IFN g in C6 Cells
Immunoblot analysis of the eŠect of IkBaSS→AA on iNOS induction is shown in two cases of clones No. 40 and 43. IkBa SS→AA  C6 cells were pretreated with 5 mM IPTG for 24 h at 37°C followed by stimulation with 10 mg/ml LPS plus 250 U/ml rat IFN g (Gibco) or 5 ng/ml mouse IL 1b plus 250 U/ml rat IFN g for 24 h at 37°C. Crude cytosolic fractions were prepared and subjected to immunoblotting using anti-maciNOS mAb and anti IkBa pAb. RT PCR analysis to determine PDI expression in the ischemic brain is shown. RT PCR was performed on mRNA from brain sections of shamoperated rat (s) and 12th, 1 day (1d), 3 days (3d), and 5 days (5d) following 15 min of forebrain ischemia. Twenty cycles of PCR produced a linear relationship between the amounts of input RNA and resulting PCR product.
Fig. 10. Up-Regulation of PDI in Response to Hypoxia
A and B, changes in PDI mRNA and protein levels during hypoxia/reoxygenation in astrocytes. Total RNA and the cytosolic fraction were prepared from cells exposed to hypoxia/reoxygenation for the indicated periods. The mRNA (A) and protein (B) levels were analyzed by Northern blotting using full-length PDI cDNA and Western blotting using anti-PDI mAb, respectively. Under these conditions (10 mg of total RNA/lane), PDI mRNA was undetectable in the quiescent state but was detected 12 h after hypoxia. The levels peaked 24 h after hypoxia and were sustained until 12 h after reoxygenation, decreasing gradually thereafter. On the other hand, PDI protein was detected at low levels in the quiescent state, and the levels increased 24 h after hypoxia. The levels peaked 6 h after reoxygenation and remained constant for 48 h. 
